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New ASHRAE Headquarters

180 Technology Parkway, Peachtree Corners, GA
66,000 sq. ft. building — 3 stories

 Builtin 1970’s

 Purchased in Dec. 2018



PROJECT GOAL

In developed economies, at least half of the
buildings that will be in use in 2050 have
already been built.? 5 Accordlng toarecent
survey by the US. | 2y Information Agency,
/2 percent of ﬂoorstock in the U S or 46
billion square feet, belongs to bu1ld|ngs over

twenty years old.®

U.S. Commercial Building Space by Age

Featof Commercial buiiding
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Owner’s Project Requirements (OPR)

ASHRAE 189.1-2017

Demand Side Site Energy Consumption

Water Efficiency

Daytime Plug Load
Acoustics

Outside Air Rate
Outside Air Control

Daylighting

Resiliency

Exceed Requirements

21.4 kBTU/SF/year
15 kBTU/SF/year (stretch)

Obtain 11 of 11 LEED Water Use
Efficiency Points

0.04 W/SF
Exceed requirements by 3-5 NC/RNC
1.3 times ASHRAE 62.1

Demand Control Ventilation (DCV) for
high occupancy spaces

Majority of Occupants achieve
generous daylighting 55% of the time

Achieve resiliency in OPR

Achieved?

18.5 kBTU/SF/year
Unknown, LEED rating not sought

Achieved?
Achieved?
1.3 times achieved?

Achieved?

57% on upper level >300 lux
23% on middle level >300 lux

Achieved?



OWNER PROJECT REQUIREMENTS

Excellent
0
INOP?RATIO
Certification Programs Considered
100
Average

IN OPERATION

Draft Owner’s Project Requirements

ASHRAE HEADQUARTERS
Atlanta, G/

Dute: Jaary 32019




Schedule Constraints

2019 2020

D Jan.,, 2019: Design Team Selection

Feb., 2019: Construction Manager Selection

April 1, 2019: Schematic Design Complete

May 15, 2019: Design Development Complete
August 1, 2019: Construction Documents Complete
Sept. 15, 2019 — Start Construction Phase

August 15, 2020 — Construction Complete

August — Sept., 2020 — Commissioning Efforts
October 2020 — Full Occupancy

Loty Lead Procurement {16 weeks max)




/—\ HOW DO WE ACHIEVE OUR
ASHRAE PROJECT GOAL?

Request for Proposal for Planning and Design

Services
« Set Construction Budget: $ 10,905,000 (S165/sq. ft. minus
ASHRAE donati & PV)
New Headquarters Building onations
Peachiree Comers, GA * Total project budget including purchase of the property and fit-
January 4, 2019 up: $20,000,000.
* Set Project Schedule: Must move in by Oct. 2020
TABLE OF CONTENTS . . . . .
1. Infroduction and Project Description * Set Project Criteria: Owner Project Requirements were set
2. Proposal Requirements
3. HaRuclon e Hire a competent team!
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Annual Air & Ground Temperature Profiles

Key Climate Factors: Atlanta Georgia

Key Climate Design Drivers

* Summer: May to September (Avg. OA>70°F)

* Extreme Hot Week Period: Jul 6 -Jul 12,
Maximum Temp= 98.06F (36.7C). Future
climate to be accounted for.

» Exterior shading beneficial May-September
to minimize unwanted summertime solar
gains and enable low-energy passive
cooling strategies.

* Winter: December to February (Avg. OA< 50°F)
* Extreme Cold Week Period : Jan 6 to Jan
12, Minimum Temp= 8.96F (-12.8C)
» Leverage passive solar gains through
south-facing facade fenestration to offset
supplemental heating requirements.

» Diurnal Swing: Average Diurnal swing between
15-249F suggests an opportunity to leverage
thermal mass to reduce peak indoor
temperatures, reduce cooling energy, and improve
occupant thermal comfort.

+ Ground and Water Temperatures: Relatively
stable ground ( and Lake) temperatures suggest a
potential heat source and sink for the HVAC
system.

IAVERAGE LOW DBT

Annual Temperature Profiles coriond
Atlanta-Hartsfield-Jackson.Intl.AP TMY3 Weather File AVERAGE HIGH DBT

TN ONING (
#DAILY AVERAGE
M GROUND TEMPERATURE (@13 FT)
WINTER SUMMER OVERHEAT PERIOD
(Dec2n-Feb231) ~ (May 24" - September 26)
500.
90°F

377.5
COMFORT

BAND

255.

1325

10.
IAN FEB MAR APR MAY IUN JUL AUG SEP ocT Nov DEC

JAN FEB MAR APR MAY JUN JUL AUG SEP oCT NOV DEC

DIURNAL AIR TEMPERATURE SWING (F)

OUTDOOR AIR TEMPERATURE (F)



Incident Solar Radiation - SUMMER

Key Climate Factors: Atlanta Georgia

CUMULATIVE SEASONAL
INSOLATION BY
ORIENTATION (KWH/M?)

350

SUMMER INCIDENT SOLAR RADIATION BY FACADE ORIENTATION SUMMER INCIDENT SOLAR RADIATION - BASELINE
(May 24t -September 26" (Avg OA > 70F)) (May 24t -September 26" (Avg OA > 70F))
0




Path to NZE

ANNUALSITE ENERGY USE

mFANS mPUMPS m COOLING mHOTWATER m HEATING LIGHTING mPLUGLOADS # 20% Safety Factor

35
30.0
30
== 22.3
S _?.—r rha o

N
o

-
w

W

o

ENERGY USE INTENSITY [KBTUSFTZ-YR]
-
o

ASHRAE ASHRAE OPR PROPOSED SD DESIGN
90.1-2016 LIGHTING & ENVELOPE (ASHP DOAS +
BASELINE PLUG LOADS DESIGN HYDRONIC TU)

Envelope and Lighting EEMs evaluated
cumulatively over the Baseline

27 21.3
- ’;@ﬁr————zﬁ%y——— NZE Target 21.4
iz MY kBTU/ft2/yr

et

——— Stretch Target 15.0
KBTU/ft2/yr

VE DESIGN + REDUCED
PLUG LOADS
& LIGHTING

CHANGES TO THE 100% SD DESIGN

» Insulation removed at overhang

» 3" New Roof Insulation in lieu of 4”: R-30 assembly

« Existing Atrium to remain

» Skylights removed

+ Detailed thermal zoning added to model based on
latest floor plan

+ Internal gains & diversities updated based on
latest floor plan

* HVAC updated to match latest design

TAKEAWAYS

* 50% increase in heating energy

» 25% increase in cooling energy

» Atrium alone accounts for 15% of EUI

»  With 20% safety factor, current design is above
NZE target



ENVELOPE CONSIDERATIONS

Air Infiltration - set ASHRAE’s highest target: - mHestRecovery  mHeating
11 envelope leakage ratio (ELR75) or e iR R
/122 cubic feet per minute (CFM75).

30 29.3
Existing infiltration was equal to a 100sf opening 24.8
25 '

Insulation optimization, especially at the roof.
Where was the optimal R-Value for each part of 20
the exterior envelope?

=y
%)

Important to achieve daylight autonomy goals, as
well as maximize the thermal efficiency of the wall.
Properly sizing the Window to Wall Ratios (WWR)
Solar shading and control devices.
Skylights for ambient lighting on upper level

INTENSITY (KBTU/FT?/YEAR)
» o

ANNUAL SITE ENERGY USE

BASELINE RECOMMENDED
DESIGN ENVELOPE

o



Envelope Sensitivity Analysis
ASHRAE Headquarters

Preliminary envelope performance targets
based on point of diminishing Energy Use
Intensity (EUI) savings shown at right:

Existing ASHRAE
Parameter Performance 90.1-2016 Recommended
Wall U-0.3 U-0.122 U-0.058
Assembly (R-3.0) (R-8.0) (R-17)
Roof u0.047 U-0.039 U-0.028
Assembly (R-21) (R-25) (R-35)
Window U-0.59 U-0.45 U-0.40
Assembly SHGC-0.52 SHGC-0.25 SHGC-0.25
Window to Ao 0 o
Wall Ratio 20% 40% 40%
1'
External (to be further
Shade N/A N/A optimized for
Depth visual, thermal
comfort)
Infiltration 0.025 0.045 0.011
cfm/ft2 cfm/ft2 cfm/ft2

ASHRAE NZE AEDG recommends
R-15.6 wall for Climate Zone 3!

Wall R Roof R Infiltration (CFM/f2)

325
EUI KETUS

22.0-

25—

2.0

205

20.0-

295 -

28.0=

285- T I I T I I T T T T I | I I T I [ T I
10 12 14 16 18 20 28 22 30 32 34 36 32 40 0.5 0.020 0.025 0.030 0035 0O

B

Window U Shade Depth (ft) Window-Wall Ratio

325+
320+

3N5=-

3.0+

T T 1
00 02 04 058 08 102 12 14 16 18 40% 45% S0% 55% E0%

¢ FBeselne Interactive Graph: https://www.elementa.nyc/projects/ashrae/

Recommended


https://www.elementa.nyc/projects/ashrae/

High Performance Envelope
Insulation, Airtight Construction, External

Shades, Daylighting

m Cooling m Heat Recovery m Heating
W HotWater W Fans W Pumps
Lighting w Plug Loads
30

—
[¥3]

INTENSITY (KBTU/FT2/YEAR)
o )

ANNUAL SITE ENERGY USE

BASELINE RECOMMENDED
DESIGN ENVELOPE

o

N

\ \

293 N
3\ ¢ )
25 248 —
20 .
Recommended Envelope

External shades

- Light colored ceiling

: Roof monitor
New skylight -

to reflect daylight

= }

S L—1

—— ppe———

l |
- i 4

v t
N
‘
\”\‘ Q
\\
4 -
~ 30 ~ST i
L ]

= =]




Final Window Wall Ratios

EXISTING
WWR 79.9%

|

Optimo Panel Widths: 24, 30, 36, 40
Karrier Panel Widths: 24, 30, 36, 40, 42
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Short Windows, 18 Skylights

57%

Percentage of regularly occupied work spaces
on the upper level with useful daylight
illuminance (>300 lux) at the work plane

llluminance (lux) (9/21, noon - Uniform Sky )
1000 300 200 0

— | |

Useful Daylight llluminance
(>300 lux, not to exceed 4,000)




HIGH PERFORMANCE ENVELOPE: “LIGHTLY TEMPERED” ATRIUM

Atrium was considered as a
place of movement

Higher set points, reliance on
large, low velocity fans

Extensive shading on southern
elevation to minimize heat gain

Skylights for daylighting

Reduced HVAC demand from
30 tons to 5 tons



HIGH PERFORMANCE ENVELOPE: SUMMARY

Air Infiltration Rates:
Window Wall Ratios:
Daylight Autonomy:

Exterior Cladding:

Window Performance:

Skylights:

Roof:

11 envelope leakage ratio (ELR75) or 7122 cubic feet per minute (CFM75)
29% on East/West walls ;  38% on North/South walls

57% overall

EIFS with 3.5” of R5 insulation over existing. R17 overall

U- 0.4; SHGC - 0.25; overhang/shade depth - 12” optimal

18 skylights on top floor

R 39 total - adding approximately 4” new insulation.




HIGH PERFORMANCE ENVELOPE: EUI IMPACTS

Envelope doing
the heavy lifting

m FANS mPUMPS m COOLING mHOTWATER mHEATING = LIGHTING m PLUGLOADS

36
Modeling showed 35
22 EUIl before 30
selecting a final
HVACR system. 25

25

Baseline Target EUI: 21.4

20 —_—

i Stretch Target EUI: 15.0

—
o

o

EUI kBTU/ft2/yr
0

EXISTING BUILDING ASHRAE PROJECT RECOMMENDED PROPOSED ENVELOPE
CONSTRUCTIONS REQUIREMENTS CONSTRUCTIONS CONFIGURATION



HVAC OPTION 1- ALL AIR TZHP SYSTEM

/ TZHP

Ceiling fans
(bidirectional)

System Type

e
1

g

Rooftop Packaged Thermodynamically Zoned

— e

ASHPs with DOAS, enthalpy heat recovery,

DCV, and a desiccant wheel
Operable windows for

i e ; natural ventilation
Air Distribution Options

Overhead, Mixed Air

Mixed-Mode Ventilation
Operable windows and atrium exhaust

r;~”) \““4\‘

NE="N
/ N\
¥4
Overhead air
distribution

] ( Y 1

| flsm | =

‘ ! D
)|

Ceiling fans with reverse control

U lle

Night-Flush / Airside Economizer
Fan-assisted night flush

ra—

—3

Y &%

Lele
4\




HVAC OPTION 2 - HYDRONIC SYSTEM

DOAS

With enthalpy heat recovery and DCV
Option 1A: Add desiccant wheel
Option 1B: Add DX Trim Coil

CW Terminal Unit Options
Radiant Ceiling Panels
Sensible Fan Terminal Units

Heat Pump Options
Option A: Air-Cooled HP
Option B: Water-Cooled HP
Option C: Ground-Source HP

Option B
Night-Flush & Mixed-Mode Ventilation ling tower
See Previous

onC
Geo/Lake exchange

Option A
AiF:)oled

DOAS distribution

Ty Ny
PN ¢

\——- Radiant Panel

/_,
L
L

T O ol T [ —
Qe - ¥
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HVACR SYSTEMS - EUI IMPACTS

n FANS mPUMPS m COOLING mHOTWATER mHEATING = LIGHTING = PLUGLOADS

40

35

30

25

20

15

10

5

EUI kBTU/ft2/yr

0 - |
EXISTING BUILDING ASHRAE PROJECT RECOMMENDED PROPOSED ENVELOPE l OPTIMIZED DECOUPLED
CONSTRUCTIONS REQUIREMENTS CONSTRUCTIONS CONFIGURATION ALL-AIRSYSTEM HYDRONIC SYTEMS

20%
SAFETY FACTOR

Final EUI difference between 2 system options was 2-3 EUI



HVAC Concept Overview

Resulting System Needs

Hydronic Systems reduce energy - Radiant

Smaller, modular control — control valves and
ceiling fans vs VAV terminal units and ductwork

Simultaneous heating and cooling — Heat Pump
and/or heat recovery machines

Decouple temperature from humidity — DOAS

Recover energy whenever possible

System Overview

Outdoor Air Cooled Modular Heat Pump
Staged Pumping

Air Cooled DOAS decoupled from waterside
systems

WSHP for transient or potentially humid spaces
utilize CHWR.

Overhead Radiant Panels for heating/cooling at
exterior zones, cooling only at interior zones.

Ceiling Fans to induce cooling and improve
environmental comfort.



Overhead Radiant Systems

e Radiant Panels form clouds above the occupied
spaces

» All heating and cooling in these spaces are
provided by the panels.

* Ventilation is cool/neutral temperature air
delivered directly to the space and not directly
responsible for temperature control within the
zone.




Supplemental Ceiling Fans

Before fan install

Indoor temperature ~ 72 °F

(n=29) '.
too too
warm Cool
After fan install g - - - -7 =777~ " :
and air conditioning failure 89% comfortable |
________________________ ]
Indoor temperature ~ 80 °F
(n=28)
Air speeds S
~40 - 150fpm more

11%




Overhead Radiant Systems

Energy Use Intensity [kBtu/sf-yr]

70

60

50

40

30

20

580

CZ 3A Office
Benchmark

Target 214

Existing
Envelope +
ASHRAE 90 1-
2016 HVAC

ASHRAE 90.1- Reduced WWR Recommended

2016 Envelope

Envelope

Natural
Ventilation

High
Performance
HVAC

Lighting/
Daylighting

Plug Load
Control

Ground Lake Triple Element

Source

Glazing +
Exterior Blinds

m Fans

Pumps

m Coadling

m Heat Rejection

o Hot Water

m Heating

m Lighting

m Plug Loads



Adding Solar PV

System Size 331.88 kWDC

Capacity:

e 250kW AC

e Capped by
Georgia Power
Net Metering

Costs:

e PV S500,000
e Site  $50,000
e Total $550,000

Estimated Energy Production (Year 1): 457,713 kWh



Building Operations

Building Completed in December 2020.
Training and staff occupancy began in late 2021.

Building analytics and fault detection

Building intelligence evaluation using Building I1Q
Demonstration of the use of Automated System Optimization
Building EQ evaluation

IEQ monitoring



Conclusions

* Design for effective operations.

* Know your local construction market — capabilities, capacity,
pricing, etc.

* Play into the available strengths.

e Carefully examine all existing building systems and
infrastructure. Be realistic about their condition.

* There will always be unanticipated costs.

e Coordination = communication. Always be communicating.

* Do not drop the ball after completion: focus on getting the
building to operate as intended.



Actual Operating

ASHRAE HQ Monthy Electricity Consumption

(After Solar Installation)
Vv a> oD SRS} v ™
¥ PP P VA
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Questions:

Contact information:

Darryl k Boyce — darrylboyce@cunet.carleton.ca

(&)


mailto:darrylboyce@cunet.carleton.ca
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